The water vapor content and clouds play a very significant role in atmospheric conditions. This paper is derived from the new cloud detection index (CDI) which is useful to forecast extreme weather events like heavy or extreme rain. The CDI is retrieved using two crucial elements of cloud formation, the critical humidity and critical water vapor. The cloud thickness is determined by using CDI for a radiosonde site (VABB) located in Mumbai, the western part of India. The obtained results are compared with the cloud thickness required for extreme rain. The outcome of the comparison is discussed in this paper. The cloud detection index is also useful in establishing the atmospheric stability along with another four atmospheric stability indices.
Introduction
Clouds play a significant role in both the Earth's climate system and the ground-to-space radio communication system [1] [2] . By influencing the hydrological cycle and the radiation balance they can cause a wide variation in weather conditions [3] . These effects are even more severe in the tropical region due to the high probability for the occurrence of convective clouds. Unlike clouds found in other subtropical and temperate regions, these convective clouds are cumulus, extending over high vertical altitudes, and are heavy in liquid water content [4] . Therefore, cloud detection becomes a very important issue for a wide range of remote-sensing applications.
A stability index is intended to measure the ease with which an air parcel will rise through the atmosphere, using the parcel-to-environment temperature va- riance, a temperature difference of surface and upper-air, or the moisture content of the boundary layer [5] . There are four commonly used stability indices:
The Severe Weather Threat (SWEAT)
Index and 4) The Convective Available Potential Energy (CAPE). These four indices predominantly identify thermodynamic instability, though the SWEAT index also includes components for wind veering and upper-level wind speed [6] .
The cloud thickness or its extension in vertical direction is a crucial parameter to forecast rain or extreme rain. Nimbostratus and Cumulonimbus are the types of clouds which are responsible for all kinds of precipitation and cyclones. The "nimbo-" or "-nimbus" is a low-level cloud that has its bases below 2000 meters and can extend up to 6000 -7000 meters above the Earth. "Nimbus" comes from the Latin word for "rain".
There are many approaches for detection of cloud presence in troposphere.
The methods for determination of cloud base height from the Earth's surface have been developed in recent years. The quantity of water can be held and the amount of precipitation over certain area depends upon the depth or thickness of the cloud.
The CDI is introduced here to quantify the amount of precipitation over certain area. The index is also useful for determination of stability of the atmosphere over the specific region.
Radio-sounding observation data have been utilized to understand the cloud vertical structure since it provides observations of various important meteorological variables such as temperature, pressure, and relative humidity (RH) along a vertical path. Apart from ceilometers observations the surface meteorological observations are also effective to retrieve the cloud base height (CBH) [7] . 1) maximum relative humidity in a cloud of at least 87%, 2) minimum relative humidity of at least 84%, and 3) difference between cloud top and bottom layer should exceeds 3% [9] . Salonen and Uppala proposed the cloud detection method using a pressure-dependent critical humidity function [10] . Since the condensation of water vapor is a foundation of cloud formation, the correlation of the water vapor pressure with the cloud vertical structure should be very obvious. Thereby, water vapor pressure can be an accurate parameter for cloud detection. To determine the water vapor at different atmospheric levels, relative humidity and temperature data from radiosonde observations are used for calculating the spatial pressure of water vapor [11] .
The approaches to detect the cloud base height and thickness using relative humidity or water vapor are quite successful. We utilized both crucial parameters of cloud formation i.e. relative humidity and perceptible water vapor to detect cloud presence conditions. We also use the altitude at which rain clouds are normally formed.
The new index for cloud detection CDI (cloud detection index) is introduced to detect the cloud as well as measure thickness of the cloud at given radio sounding site. The index is also useful to determine the atmospheric stability also. The cloud detection index is given by Equation (2.1).
Data and Methodology
We used the Radio-sounding observation data for Mumbai (VABB). The radio sounding site is situated at 19.0760˚N, 72.8777˚E. We retrieved the radio sounding data from the year 2000 to 2017. We determined cloud detection index for the day of extreme rainfall events at Mumbai during year 2000 to 2017. As radiosonde observations have been widely utilized to understand and to model the cloud vertical structure since it is implemented with various sensors to measure important meteorological variables such as temperature, pressure, and relative humidity (RH) along a vertical path. We considered mainly five pressure levels 1000 mb, 850 mb, 700 mb, 500 mb and 400 mb. These five levels represent Earth's surface, 1500 meters, 3000 meters, 5800 meters and 7500 meters respec- When disturbances occur, precipitation, strong winds and downdrafts decrease the energy of the air from a given level, only if its CAPE is greater than zero.
Normally, air is not saturated to start with and a finite vertical displacement (a few hundred meters to a few kilometers) is needed for the rising air parcel to become saturated and reach the level of free convection. Some energy is required for this process, and is called convection inhibition energy (CINE).
It is expected that a larger value of CINE means an increased barrier to convection. If CINE is large, deep clouds will not develop even if CAPE is positive, while low values of CINE imply a favorable condition for convection [12] .
The data source for this study is the Radiosonde data of Mumbai (VABB) station from year 1974 to 2017. The Observations are formally taken twice daily at 1200 and 0000 UTC. It provides vertical profile of wind direction, wind speed, height, temperature, pressure and humidity. The data are pre-processed to eliminate nil records and then they are processed to determine cloud detection index, stability indices like Lifted index (LI), K index, Convective Available Potential Energy (CAPE), Convection Inhibition Energy (CINE) and SWEAT Index. Cloud detection index (CDI) is determined for different pressure levels (altitudes) 1000 mb, 850 mb, 700 mb, 500 mb and 400 mb. These pressure levels represent Earth's surface, 1500 meters, 3000 meters, 5800 meters and 7500 meters respectively. We determined CDI . From the assessment the presence of cloud and its thickness are retrieved. We obtained the daily rainfall data for the station from the year 2000 to 2017 (17 years). We analyzed the rainfall data and identified the days on which the station (Mumbai) received the extreme rainfall.
Results
The days of extreme or heavy rain at Mumbai are selected from the months June, July and August from the year 2000 to year 2017. These days are the days of extreme or heavily rain at radiosonde station (VABB). The extreme rainfall is the event where station receives more than 100 mm rain during 24 hours. Using Equation (2.4) the CDI is determined for various altitudes (850 mb, 700mb, 500 mb and 400 mb) for selected days. Figures 1-3 illustrate the cloud detection Index (CDI) for June, July and August months.
The cloud thickness determined from the CDI for months of June, July and August are shown in Figure 4 , Figure 5 and Figure 6 respectively. The rainfall at Mumbai for the selected days is also shown in Figure 7 , Figure 8 and Figure   9 respectively. The CINE is determined over the station VABB one day before the extreme rain event at VABB. The values of Convection Inhibition Energy (CINE) are shown in Table 1 . Figure 5 and Figure 6 illustrate that the cloud thickness is determined using CDI for radiosonde site VABB lies between 3000 meters to 6000 meters. There are three days in month of July for which 
Conclusions
If the precipitation is more than 100 mm in a day (24 hours), then it is defined as extreme rain. The cloud which can hold huge amounts of perceptible water can result in extreme rain. The clouds having thickness more than 3000 meters in vertical direction are able to hold enormous amounts of perceptible water. So if 
